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(54) Determination of concentration 

(57) An apparatus for determining the concentration 
of a first component in a mixture of at least two compo- 
nents, which have different absorption properties in the 
IR range, comprises image recording means (3; 24) 
which are adapted to image the mixture by means of IR 


radiation to produce at least one image. The apparatus 
further comprises image processing means (6, 26) 
which, with the aid of intensity values for pixels in the 
image which represent the mixture, determine the con- 
centration of the first component in the mixture. 
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Description 

Field of the Invention 

[0001] The present invention relates to an apparatus 
for determining the concentration of a first component 
in a mixture of at least two components which have dif- 
ferent absorption properties in the IR range. 

Background Art 

[0002] In the manufacture of pharmaceutical prepara- 
tions, an active substance is in many cases mixed with 
an inactive substance to achieve a sufficient volume of 
the pharmaceutical preparation and to obtain suitable 
properties of the pharmaceutical preparation. The sub- 
stances frequently have the form of powder consisting 
of a variety of particles. Moreover, it is normally large 
volumes of powder that are mixed to manufacture a 
large number of doses of the pharmaceutical prepara- 
tion. It is then most important for the mixture to be ho- 
mogeneous so that the concentration of the active sub- 
stance is the same in all doses, for instance in all tablets, 
that are manufactured from the mixture. 
[0003] There is today a tendency towards the active 
substance being more and more potent, and conse- 
quently a smaller and smaller volume of active sub- 
stance need be added to the inactive substance in mix- 
ing. This makes it more difficult to provide a homogene- 
ous mixture. It is also difficult to preserve the homoge- 
neity in the mixtures since pulverulent mixtures tend to 
form layers. 

[0004] A further difficulty associated with the homo- 
geneity arises in the manufacture of divisible tablets. 
Some tablets are formed with a notch indicating that 
these tablets may be divided to allow the user to take 
half a dose of the pharmaceutical preparation. For such 
tablets, the manufacturer must be able to guarantee that 
the concentration of the active substance is the desired 
one not only in the tablet in its entirety but also in each 
half of the tablet. 

[0005] The homogeneity in a powder mixture can be 
monitored by sampling the mixture at different points of 
time. If the concentration of the active substance is the 
desired in each sample, it is assumed that the mixture 
is homogeneous and that the concentration in all man- 
ufactured doses is correct. Correspondingly, when man- 
ufacturing tablets, random sampling of tablets from the 
manufacturing line is made and the concentration is de- 
termined. If the concentration is correct, it is assumed 
that all tablets have the correct concentration. The con- 
centration of the active substance in powders and tab- 
lets is in many cases determined by a wet-chemical or 
dry-chemical method. 

[0006] An alternative method of determining the ho- 
mogeneity in tablets is disclosed in US 5,504,332. Ac- 
cording to this patent, a NIR reflection spectrum for a 
pharmaceutical tablet is generated, the homogeneity of 


which is to be determined. This spectrum is then com- 
pared with an index (recognition index) which has been 
determined on the basis of spectra of previously ana- 
lysed, acceptable tablets to determine whether the ho- 4 

5 mogeneity of the tablet in question is acceptable. 
[0007] A drawback of this method is that it is slow 
since it is necessary to generate an entire spectrum for 
each tablet. Further it is not possible to determine how 
the active substance is distributed in the tablet. Nor can 

io the method be used to study particles of the size that 
exists in powders. 

[0008] Also in other fields in industry, there is a need 
to monitor the homogeneity in mixtures by measuring 
the concentration of a component in the mixture. 

15 

Summary of the Invention 

[0009] An object of the present invention therefore is 
to provide an improved apparatus for determining the 
20 concentration of a first component in a mixture of at least 
two components. 

[0010] This object is achieved by an apparatus which 
has the features defined in claim 1 . Preferred embodi- 
ments of the apparatus are recited in the subclaims de- 
25 pended from claim 1. 

[0011] More specifically, the invention concerns an 
apparatus of the type described by way of introduction 
and characterised by image recording means which are 
adapted to image the mixture by means of IR radiation 
30 to produce at least one image, on the basis of which it 
is possible to determine the concentration of said first 
component in the mixture. 

[0012] This apparatus thus is based on the idea that 
it is possible to use images and image analysis instead 

35 of spectrum and spectrum analysis to determine the 
concentration in a mixture. This is advantageous since 
it is a much quicker and much easier operation to record 
an image than to generate a spectrum which requires 
that the light be spectrally divided. This results, in turn, 

40 in the possibility of analysing all tablets in the manufac- 
ture, which yields a much greater safety than random 
sampling. 

[0013] An image further contains position information. 
The image of the mixture can thus supply information 

45 on how the components and, in particular, the active 
component are distributed in the mixture. 
[001 4] The image recording means can be any means 
whatever that are sensitive to IR radiation and that 
render it possible to produce a two-dimensional "IR im- 

so age". They may comprise, for instance, a line sensor 
which produces an image by scanning. They can record 
one or more images of the mixture, for instance, images 
that are based on IR radiation at different wavelengths. 
[0015] The image recording means can be adapted 

S5 to carry out the imaging by means of IR radiation that is 
reflected from the mixture or transmitted through the 
mixture. Sometimes a combination of these alternatives 
can be advantageous. 
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[0016] The advantage of using reflected radiation is 
that the position information will be improved so that it 
will be possible to determine, for instance, the distribu- 
tion of the interesting component in a tablet or the like 
where the particles in the mixture are compressed into 
a unit. The drawback is that the reflected radiation sup- 
plies information merely on the particles to a certain lev- 
el of penetration. IR radiation transmitted through a mix- 
ture supplies information on particles at all levels in the 
mixture. On the other hand, this IR radiation supplies 
poorer position information since the transmitted light is 
scattered by the particles on which it falls. 
[0017] With a view to obtaining clear distinctions be- 
tween the two components, it is convenient to record the 
image of the mixture by means of radiation at one or 
more wavelengths where there is a great difference be- 
tween the absorption properties of the components. To 
this end, the image recording means advantageously 
comprise a filter for selecting at least one wavelength at 
which the components have different absorption prop- 
erties. The selection of a suitable wavelength/suitable 
wavelengths is made individually for each specific sub- 
stance that is to be monitored. In this manner, a mono- 
chromatic image of the mixture is produced. 
[0018] Alternatively, the image recording means may 
comprise at least two filters for performing the imaging 
by means of IR radiation from two different wavelengths 
ranges to produce an image of the mixture in "I R colour" 
in a manner corresponding to that in which ordinary col- 
our images with red, green and blue light are produced. 
[0019] The IR radiation is advantageously NIR radia- 
tion since biologically active substances included in, in- 
ter alia, pharmaceutical preparations in most cases 
have characteristic absorption properties in the NIR 
range. 

[0020] An electronic image is composed of a large 
number of pixels each having one or more intensity val- 
ues. In an IR image, each pixel has at least one IR in- 
tensity value which yields a measure of the intensity of 
the IR radiation which has fallen on a corresponding 
point on a sensor in the image recording means. Know- 
ing the absorption properties of the components con- 
tained in the imaged mixture in respect of the IR wave- 
lengths involved, it is then possible to determine which 
pixels represent the different components and, thus : the 
concentration thereof. The apparatus therefore suitably 
comprises image processing means which are adapted 
to determine, with the aid of intensity values for pixels 
in the image of the mixture, the concentration of said 
first component in the mixture. The image processing 
means can advantageously consist of a suitably pro- 
grammed computer. If the image of the mixtures is mon- 
ochromatic, the computer can determine, for instance, 
the concentration of the interesting component by using 
threshold values for the intensity values. If the image is 
in "IR colour", the "IR colour" can instead be used for 
determining the concentration. 

[0021] The apparatus is advantageously also adapt- 


ed to determine, on the basis of the image of the mixture, 
the distribution of the first component in the mixture. This 
can also be carried out by means of a suitably pro- 
grammed computer. 
5 [0022] The apparatus can be used to determine the 
concentration of a component in a number of different 
mixtures. The mixture may consist of, for instance, a plu- 
rality of particles which are suspended in a liquid or gas. 
The mixture may also consist of a single particle con- 
to taining different substances. It may also consist of drop- 
lets of a first component in an emulsion. 
[0023] In an advantageous embodiment, the appara- 
tus is used to determine the concentration of the first 
component in a mixture which is present in the form of 
is an ointment on a carrier, such as an adhesive plaster. It 
is becoming more and more common to dose pharma- 
ceutical preparations as an ointment on an adhesive 
plaster. Up to now, it has only been possible to analyse 
the concentration of the active substance in random 
20 samples of the ointment before applying it to the adhe- 
sive plaster, but the invention makes it possible to easily 
determine both the concentration and the distribution of 
the active substance on each piece of adhesive plaster. 
This is advantageous since the later in the manufactur- 
es ing process the quality control can be performed the 
greater reliability is achieved. Moreover, it is possible to 
determine, on the basis of the image of the adhesive 
plaster with the ointment, the distribution of the ointment 
on the adhesive plaster, its thickness and other param- 
30 eters of interest. 

[0024] In an advantageous embodiment, the appara- 
tus can be used to determine the concentration of the 
first component in the mixture when the mixture is in the 
form of separate particles, e.g. particles that exist freely 
35 from each other, such as in a powder. The particles can 
be analysed on a carrier in the form of an adhesive plas- 
ter, a piece of adhesive tape or something else to which 
the particles can adhere, or when they are spread on an 
arbitrary base. This embodiment can be of interest dur- 
40 ing manufacture before the mixture has been tabletted 
• or to control a completed pharmaceutical preparation 
when being supplied to the patient by means of an ad- 
hesive plaster. To this end, the apparatus suitably com- 
prises image processing means which are adapted to 
45 identify in said image pixels representing each of the 
particles and, on the basis of the intensity of the pixels, 
determine to which of the components each particle be- 
longs. Each particle can be imaged by means of one or 
more pixels, and by determining whether the intensity 
so values of these pixels correspond to the radiation that 
can be expected from the one component or the other, 
it is thus possible to determine whether the particle be- 
longs to the one component or the other. By the image 
processing means then counting, for instance, how 
55 many particles or pixels belong to the one component 
or the other, the concentration of the first component can 
be determined. 

[0025] In a further advantageous embodiment, the 
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apparatus is used to determine the concentration of the 
first component in the mixture when the mixture is 
present in the form of a tablet. Tablet is here to be inter- 
preted in a wide sense and comprises, for example, 
granules, pellets, capsules, sugar-coated pills and all 5 
other dosing forms in which a variety of particles are 
joined to a unit. The tablet can be analysed as it is or 
when packed in an IR-transparent container. 
[0026] To allow the concentration of the first compo- 
nent to be determined in a tablet, the apparatus suitably 10 
comprises image processing means, which are adapted 
to identify in said picture pixels representing the tablet 
and, on the basis of the intensity of the pixels, determine 
the concentration of the first component in the tablet. By 
studying the position in the image of pixels which repre- 15 
sent the first component, it is also possible to determine 
the distribution thereof in the tablet. 
[0027] In an advantageous embodiment, the image 
processing means are adapted to determine whether 
the tablet has a desired composition, which may relate 20 
to the concentration of the first component as well as 
the distribution thereof. The apparatus then comprises 
a separating mechanism, which is adapted to discard, 
under the action of the image processing means, the 
tablet if it is not composed as desired. In this manner, a 25 
fully automated quality control is obtained, which en- 
sures that only such tablets as satisfy the quality require- 
ments are made to advance in the manufacture. 
[0028] In many of the applications where one wants 
to determine the concentration of a first component in a 30 
mixture, it is also interesting to determine other param- 
eters, such as size and shape. Therefore the apparatus 
is advantageously adapted to determine a size param- 
eter and/or a shape parameter for the mixture. The ap- 
paratus may comprise special software for this purpose. 35 
The size parameter can be, for instance, the size of a 
particle or a tablet, or the distribution of the mixture on 
a carrier. The shape parameter can be, for instance, the 
form of a tablet or a particle. With the aid of the size and 
shape parameters it is then possible to determine the 40 
volume and mass by correlation. 
[0029] The apparatus is particularly suited for concen- 
tration determination when the first component is a bio- 
logically active substance, preferably a pharmacologi- 
cally active substance. 45 
[0030] I n a second aspect of the invention, it concerns 
an apparatus for determining the homogeneity, that is 
the distribution, of a first component in a mixture of at 
least two components, which have different absorption 
properties in the IR range, the image recording means so 
being adapted to image the mixture by means of IR ra- 
diation to produce at least one image, on the basis of 
which it is possible to determine the homogeneity or dis- 
tribution of said first component in the mixture. The ad- 
vantages of this aspect of the apparatus are evident ss 
from that stated above. 


Brief Description of the Drawings 

[0031 ] The present invention will now be described by 
way of an embodiment with reference to the accompa- 
nying drawings, in which 

Fig. 1 is a schematic view of a first example of how 
an apparatus according to the invention can be ac- 
complished; and 

Fig. 2 is a schematic view of a second example of 
how an apparatus according to the invention can be 
accomplished. 

Description of a Preferred Embodiment 

[0032] Fig. 1 shows an apparatus for determining the 
concentration of a biologically active substance in phar- 
maceutical tablets containing a mixture of the active 
substance and an inactive substance. In this example, 
the tablets 1 are arranged in rows of five tablets on a 
travelling belt 2. The apparatus comprises an image re- 
cording means in the form of a NIR camera 3, a lighting 
fitting 4, a triggering unit 5, a computer 6 and a separat- 
ing mechanism 7. 

[0033] The NIR camera 1 consists of a CCD camera 
which is provided with a NIR filter which lets through NIR 
radiation having a desired wavelength. The NIR camera 
takes an image of each row of tablets 1 passing through 
its lens coverage. In this example, the camera records 
the NIR radiation reflected from the tablets. If transmit- 
ted radiation is to be recorded, the camera must be 
placed in such manner that it can receive radiation that 
has passed through the tablets. 
[0034] The lighting fitting 4 is a broadband lamp hav- 
ing a strong emission in the NIR range. 
[0035] The triggering unit 5 is a sensor which detects 
when a new row of tablets passes in front of it and emits 
a signal to the NIR camera 3 through the computer 6 
instructing the NIR camera to take an image. 
[0036] The separating mechanism 7 consists of a 
movable arm which, by applying subatmospheric pres- 
sure, lifts and discards tablets 1 which the computer 6 
has assessed not to have the desired composition. 
[0037] The computer 6, which is connected to the NIR 
camera 3, the lighting fitting 4, the triggering unit 5 and 
the separating mechanism 7, comprises software for the 
accomplishing of image processing means. 
[0038] The apparatus operates as follows. The tablets 
1 on the belt 2 are illuminated with NIR radiation from 
the lighting fitting 4. When the triggering unit 5 detects 
that a new row of tablets 1 is passing in the front of it, it 
triggers the camera 3 to take an image of the tablets in 
this row. The image is transferred to the computer 6, 
which identifies which pixels in the image correspond to " 
the tablets. This can be carried out, for instance, with 
the aid of threshold values which separate the tablets 
from the background. Subsequently, the computer de- 
termines with the aid of the intensity values of the pixels 
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which pixels in each tablet correspond to the biologically 
active substance and which correspond to the inactive 
substance. This is also carried out with the aid of thresh- 
old values. After that, the computer can determine both 
the concentration of the active substance in the tablet 5 
and the distribution thereof. 

[0039] The concentration and distribution for each of 
the tablets in the image are compared with predeter- 
mined quality requirements. If a tablet does not satisfy 
the quality requirements, the computer signals to the io 
separating mechanism 7 that the defective tablet is to 
be discarded, which occurs when the tablet in question 
passes the separating mechanism. 
[0040] Fig. 2 illustrates how an apparatus according 
to the invention can be composed if the concentration is 
of a biologically active substance is to be determined in 
a mixture which is present in the form of a powder, from 
which random samples are to be taken. The powder, 
which consists of a very large number of particles 20, is 
transported in a duct 21 . The duct contains a cyclone 20 
chamber 22 in which the particles are made to eddy in 
air. Through the cyclone chamber, a plastic adhesive 
tape 23 is passed, to which certain particles adhere. The 
plastic adhesive tape 23 is made to pass in front of a 
camera 24 while being illuminated with NIR light from a 25 
lamp 25. The camera takes images at such a frequency 
that each particle is to be seen in an image. The images 
are then processed in a computer 26, which is connect- 
ed to the camera 24 and determines which particles be- 
long to which component. By counting the number of 30 
particles of each component, the computer can deter- 
mine whether the mixture has the desired concentration. 
In this embodiment, neither triggering means nor sepa- 
rating mechanism is required. The concentration is de- 
termined in reflected light but can, of course, just as 35 
well be determined in transmitted light. The apparatus 
can be used, for instance, to control a tablet manufac- 
turing process so that the tablets are made of the pow- 
der only when the powder has the correct composition. 

40 

Claims 

1. An apparatus for determining the concentration of 

a first component in a mixture of at least two com- 45 
ponents, which have different absorption properties 
in the IR range, characterised by image recording 
means (3; 24) which are adapted to image the mix- 
ture by means of IR radiation to produce at least 
one image, on the basis of which it is possible to so 
determine the concentration of said first component 
in the mixture. 

2. An apparatus as claimed in claim 1 , wherein the im- 
age recording means (3; 24) are adapted to perform ss 
the imaging by means of IR radiation reflected from 

the mixture. 


3. An apparatus as claimed in claim 1 or 2 f wherein 
the image recording means (3; 24) are adapted to 
perform the imaging by means of IR radiation trans- 
mitted through the mixture. 

4. An apparatus as claimed in any one of claims 1 -3, 
wherein the image recording means (3; 24) com- 
prise a filter for selecting at least one wavelength in 
the IR range, at which the components have differ- 
ent absorption properties. 

5. An apparatus as claimed in any one of claims 1-3, 
wherein the image recording means (3; 24) com- 
prise at least two filters for performing the imaging 
by means of IR radiation from at least two wave- 
length ranges. 

6. An apparatus as claimed in any one of the preced- 
ing claims, wherein the IR radiation consists of NIR 
radiation. 

7. An apparatus as claimed in any one of the preced- 
ing claims, further comprising image processing 
means (6; 26) which are adapted to determine, with 
the aid of intensity values for pixels in the image of 
the mixture, the concentration of said first compo- 
nent in the mixture. 

8. An apparatus as claimed in any one of the preced- 
ing claims, wherein the apparatus is adapted to de- 
termine, on the basis of the image of the mixture, 
the distribution of the first component in the mixture. 

9. An apparatus as claimed in any one of the preced- 
ing claims, wherein the apparatus is adapted to de- 
termine the concentration of the first component in 
the mixture when the mixture is present in the form 
of an ointment on a carrier. 

10. An apparatus as claimed in any one of claims 1-6, 
wherein the apparatus is adapted to determine the 
concentration of the first component in the mixture 
when the mixture is present in the form of a plurality 
of separate particles (20). 

11. An apparatus as claimed in claim 10, further com- 
prising image processing means (26) which are 
adapted to identify in said image pixels representing 
each of the particles and, on the basis of the inten- 
sity of the pixels, determine to which of the compo- 
nents each particle belongs. 

12. An apparatus as claimed in any one of claims 1-6, 
wherein the apparatus is adapted to determine the 
concentration of the first component in the mixture 
when the mixture is present in the form of a tablet 
0) 
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13. An apparatus as claimed in claim 12, further com- 
prising image processing means (6) which are 
adapted to identify in said picture pixels represent- 
ing the tablet and, on the basis of the intensity of 
the pixels, determine the concentration of the first 5 
component in the tablet. 

14. An apparatus as claimed in claim 13, wherein the 
image processing means (1 6) are adapted to deter- 
mine the distribution of the first component in the 10 
tablet. 


1 5. An apparatus as claimed in any one of claims 12-14, 
wherein the image processing means (6) are adapt- 
ed to determine if the tablet has the desired com- 1& 
position the apparatus further comprising a sepa- 
rating mechanism (7) which is adapted to discard, 
under the action of the image processing means (6), 
the tablet if it does not have the desired composi- 
tion. 20 


16. An apparatus as claimed in any one of the preced- 
ing claims, wherein the apparatus is adapted to de- 
termine a size parameter and/or a shape parameter 
for the mixture. 25 


17. An apparatus as claimed in any one of the preced- 
ing claims, wherein the first component is a biolog- 
ically active substance, preferably a pharmacolog- 
ically active substance. 30 


18. An apparatus as claimed in claim 1, wherein the 
mixture is present in the form of a plurality of tablets 
(1) and the image recording means (3) consist of an 

I R camera, through the lens coverage of which the 35 
tablets are moved, the apparatus further comprising 
an illuminating means (4) for illuminating the tablets 
with IR radiation, means (5) for triggering the IR 
camera to image each tablet, image processing 
means (6) which are adapted to determine the con- 40 
cent ration of the first component in each tablet on 
the basis of the intensity values in the images and 
further determine whether the concentration in each 
tablet satisfies a predetermined quality require- 
ment, and a separating mechanism (7) which is 
adapted to discard such tablets as do not satisfy 
said quality requirement. 

19. An apparatus for determining the homogeneity of a 
first component in a mixture of at least two compo- so 
nents, which have different absorption properties in 

the IR range, characterised by image recording 
means (3; 24) which are adapted to image the mix- 
ture by means of IR radiation to produce at least 
one image, on the basis of which it is possible to ss 
determine the homogeneity of said first component 
in the mixture. 
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